The present study aims at exploring the effects of flavonoids from corn silk (FCS) on oxidative stress induced by exhaustive exercise in mice. Sixty mice were randomized into 3 groups: Low-dose FCS treatment group (LFG), high-dose FCS treatment group (HFG) and control group (CG). The mice were treated with FCS (100 and 400 mg/kg) or placebo (distilled water) by daily oral gavage for 28 days. After the last treatment, animals were submitted to treadmill for exhaustion and running time, malondialdehyde (MDA), superoxide dismutase (SOD) and glutathione peroxidase (GPX) levels were measured. The results suggested that FCS could elevate the exercise tolerance of mice, and provide protection against oxidative stress induced by exhaustive exercise in mice, by inhibiting lipid per-oxidation and increasing anti-oxidant enzymes levels.
INTRODUCTION
Corn silk (also known as maize silk) is made up of the stigmas and styles of the maize plant belonging to the grass (Gramineae) family (Ren et al., 2009) , and it has been used for thousands of years as a folk medicine in many parts of the world for the treatment of edema as well as for cystitis, gout, kidney stones, nephritis, diabetes mellitus and prostatitis (Velazquez et al., 2005; Li and Yu, 2009; Hu et al., 2010) . It has been found that corn silk is an excellent source of many bioactive compounds such as flavonoids, saponin, alkaloids, tannins, chlorogenic acid, phytosterols, allantoin, vitamin E and K (Bushman, 2002) . To date, several flavonoids such as maysin, apigmaysin, 3-methoxymaysine, ax-4-OHmaysin, etc, have been isolated and identified from corn silk (Snook et al., 1995; Ren et al., 2009; Hu et al., 2010) . Flavonoids from corn silk (FCS) have been investigated and confirmed to possess various pharmacological activities such as antihypertensive, anti-infectious, anti-oxidative and anti-diabetic (Li and Yu, 2009; Liu et al., 2011) .
Radicals are molecules or fragments of molecules that possess an unpaired electron in their outer orbital. As a result of this molecular instability, radicals are highly reactive and can promote damaging oxidation reactions with cellular proteins, lipids or DNA, leading to oxidative stress and impaired cellular function (Powers et al., 2004) . The well-documented benefits of regular physical exercise include reduced risk of cardiovascular disease, cancer, osteoporosis and diabetes (Leeuwenburgh and Heinecke, 2001) . However, muscular exercise results in increased production of radicals and other reactive oxygen species (ROS). During the last 20 years, much evidence indicated that radical generation is enhanced during strenuous exercise (Lawler et al., 1994; O'Neill et al., 1996; Vesovic et al., 2002; Powers et al., 2004; Lekhi l et al., 2007) . To combat the deleterious effects of radicals and ROS, the body has some complex internal protective mechanisms like enzymatic defenses, which include primary antioxidative enzymes like super oxide dismutase (SOD), catalase, glutathione peroxidase (GPX) and nonenzymatic defenses like vitamin C, vitamin E, ubiquinol co-enzyme Q-10 and reduced glutathione. During exercise, the pro-oxidant/antioxidant balance shifts in favor of the former, with the rate of radical and ROS production exceeding their rate of removal by the antioxidant defense mechanisms (Lekhi et al., 2007; Gupta et al., 2009) .
In recent studies, FCS has been shown to be a potent scavenger of hydroxyl and peroxyl radicals (Ren et al., 2005; Ebrahimzadeh et al., 2008; Hu et al., 2009) . Also, it has reported that FCS had anti-fatigue activity (Hu et al., 2010) . The present study aimed to examine the effect of FCS on oxidative stress induced by exhaustive exercise in mice.
MATERIALS AND METHODS

Plant materials
Corn silk (Zea mays L. cv Longdan38) was collected from the horticultural center of Kunming University of Science and Technology (Kunming, China) and identified by Professor Li MC, plant taxonomist, Department of Biology, Yunnan Normal University (Kunming, China). Fresh corn silk was washed with distilled water, and dried for 24 h by using a hot air oven at 60°C and powdered using a grinder, and then stored in a drying cabinet before the experiment.
Preparation of flavonoids from corn silk
The dried corn silk powder (10 g) was subjected to hot continuous extraction in Erlenmeyer flask with ethanol (ethanol concentration 60%, ratio of solvent to raw material 10), while the temperature of the water bath was 70°C. After 1.5 h, the extract was filtered through the filter. The obtained filtrate was evaporated by using a rotary evaporator to get the crude flavonoids from corn silk (FCS) (Li and Yu, 2009 ). AB-8 macroporous resins (Cangzhou Bon Chemical Co., Hebei, China) was used for obtaining purified FCS. The resins were pretreated and activated according to the manufacturer's recommendation. FCS was adsorbed onto the column: processing volume was 4 BV; flow rate was 2 BV/h; temperature was 25°C. The adsorbed material was eluted: elution solvent ethanol-water (90%, v/v) solution was 4 BV; flow rate was 1.0 BV/h. The eluent was concentrated on a rotary evaporator under reduced pressure at 60°C and the resulting concentrate was lyophilized to get purified FCS (Hu et al., 2010) .
Experimental animals and diet
Kunming mice were purchased from the Center of Laboratory Animal, Kunming University of Science and Technology (Kunming, China). The male mice weighed between 18 and 22 g at the time of experiment. They were housed in standard cages of 20 × 30 ×15 cm (5 mice/cage) under controlled conditions of temperature (23 ± 1°C), humidity (50 ± 5%) and lighting (lights on from 08:00 to 20:00). They were provided a normal diet and water ad libitum. The composition of the experimental diet is shown in Table 1 . Experiments were performed in accordance with institutional and governmental guidelines after approval of the Animal Experimentation Ethics Committee, Kunming University of Science and Technology.
Experimental protocol
Sixty mice were randomized into 3 groups equally based on body weight after one week adoption: low-dose FCS treatment group (LFG), high-dose FCS treatment group (HFG) and control group (CG). The mice were treated with FCS (100 and 400 mg/kg) or placebo (distilled water) by daily oral gavage for 28 days. Volume of solution to gavage mice is 3 ml, and the dose of 100 and 400 mg/kg was chosen based on estimates from a previous study. The FCS solution used in treatment groups was prepared through dissolving FCS in distilled water. Before the exhaustive exercise, all mice were acclimatized to the treadmill (TSE Treadmill System, QiChi Instrument, Shanghai, China) during a 3 day period with 5 min of rest and 5 min of running at 10 m/min and 0° inclination each day (Fäldt et al., 2004; Fernandez et al., 2008; Shan et al., 2010) . After 28 days, animals were submitted to treadmill running, a kind of exercise in which intensity and duration are easily manipulated and quantified in contrast to voluntary wheel or swimming exercises (Rosa et al., 2008) . The test started with a 10° incline and 10 m/min belt speed. The speed was increased to 14 m/min after 10 min and to 18 m/min after another 5 min. The mice continued to run at 18 m/min until exhaustion. Exhaustion is define as the inability to continue regular treadmill running despite the stimulus of repeated tapping on the back of the mouse (Fäldt et al., 2004) . The running time of mice were recorded.
Biochemical analysis
Immediately after exhaustive exercise, all the mice were anesthetized to death with high concentration ether in an acrylic plastic immobilizer. Skeletal muscle tissue was carefully removed, rinsed in ice-cold normal saline, blotted dry, and stored at -80°C for malondialdehyde (MDA) and anti-oxidant enzymes (superoxide dismutase and glutathione peroxidase) analysis.
MDA, super oxide dismutase (SOD) and glutathione peroxidase (GPX) were tested according to the recommended procedures provided by the kits purchased from Nanjing Jiancheng Bioengineering Institute (Jiangsu, China).
Statistical analysis
All data were expressed as means ± SD of three replications and subjected to one-way analysis of variance followed by t-test for multiple comparisons. For a single comparison, the significance of differences between means was determined by Student's t-test. A level of p < 0.05 was considered statistically significant. Data were analyzed using the statistical package "SPSS 12.0 for Windows".
RESULTS AND DISCUSSION
Effect of FCS on running times of mice
As shown in Figure 1 , the running times of mice in treat- ment groups (LFG and HFG) were significantly prolonged when compared to the control group (p < 0.05), and increased by 41.52 and 72.32%, respectively. The results showed that FCS could elevate the exercise tolerance of mice.
Effect of FCS on MDA levels of mice
Oxidative stress induced by exhaustive exercise can significantly elevate markers of tissue per-oxidative damage because physical exercise promotes the production of ROS due to a substantial increase in oxygen consumption (Pfeiffer et al., 1999; Chen et al., 2002) . The MDA, a metabolite of phospholipid peroxidation, is a popular index of first condition on living body oxidative damage (Lu et al., 2006) . As shown in Figure 2 , MDA levels in skeletal muscle of mice in treatment groups (LFG and HFG) were significantly decreased when compared to the control group (p＜0.05), and decreased by 26.46 and 37.91%, respectively. The results showed that FCS protected skeletal muscles from ROS-mediated oxidative damage during exhaustive exercise.
Effect of FCS on anti-oxidant enzymes levels of mice
SOD and GPX are regarded as the first line of the antioxidant defense system against oxygen free radicals generated during strenuous exercise (Oh-ishi et al., 1997) .
The increase in anti-oxidant enzymes in muscle would indicate an up-regulation of the defense mechanism to try to cope with an enhanced production of superoxide anion radicals. This in turn might help to down-regulate the production of lipid peroxides or oxidative stress (Lee et al., 2009) , although controversy still remains. As shown in Table 2 , SOD and GPX levels in skeletal muscle of mice in treatment groups (LFG and HFG) were significantly increased when compared to the control group (p < 0.05). Many studies showed FCS have antioxidant properties in vitro, which can be used potentially as a ready accessible and valuable bioactive source of natural antioxidants (Maksimović and Kovacević, 2003; Maksimović et al., 2005) . It is also reported that antioxidant nutrient status and exercise training have an interactive effect on oxidative stress and antioxidant enzyme activities (Choi and Cho, 2009 ). The results indicated that FCS was able to up-regulate antioxidant enzymes activity to protect against oxidative stress induced by acute exercise. This is probably due to the per se antioxidant activity of FCS.
Conclusions
Oxidative stress induced by exhaustive exercise is linked with increased lipid per-oxidation. Administration of flavo- noids from corn silk provides protection against oxidative stress induced by exhaustive exercise in mice, by inhibiting lipid per-oxidation and increasing anti-oxidant enzymes levels.
